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(54) FRICTION STATE DETECTOR 

(57)Abstract: 

PURPOSE: To precisely detect a friction state with much noise and 
momentarily changing frictional coefficient. 

CONSTITUTION: The friction state detector is provided with an exciting 
force generating means 67 for exciting a vibration system composed of a 
road face and a wheel by the exciting force of resonance frequency, an 
excitation response detection means 68 for detecting response to this 
exciting force, and a response characteristic calculation means 69 for 
calculating the resonance characteristics of the vibration system based 
on the excitation and the excitation response. It is constituted of a 
friction state calculation means 70 for calculating the friction state 
based on the calculated resonance characteristics, a braking 
force/driving force control means 71 for controlling the braking 
force/driving force so that the calculated friction state is set to the 
state right before sliding from the calculated friction state, and a friction 
coefficient calculation means 72 which calculates the maximum friction 
force value based on this braking/driving forces and finds the friction 
coefficient by diving this value by the dead load of the device. The 
friction state is calculated by resonance characteristics sensitively 
reflecting the friction state so that the friction state can be detected 
precisely even in a state as with much noise and momentarily changing 
frictional coefficient. 
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3 1 ©*n>ia? 3 8 SisarWfe t LTtwr *jnau«w 

[0 0 5 9] £&, Dlfli*|S^#a4 0K:«fcr)4F-A6n 
SJDigfc 3 6 , &OM^^iij^gM 1 HJ; 
tl&tm&3 8tzE<Dfc&<&mz£~J^Tffi®)2 1 £JE 

* 3 6 ©IAltel:*ft5JolS 3 8 ©»/£#©«;*: 

n-g>„ 

[ooeo] ssi:, *is»ttaa(E^a4 2K«k»3aait 

[00 61] mz. co«f4wei*s«©fpfflfcov»TK 
B^-r-So in«g*fB^a4 0fc«tci#>t.6nsjraig*cD 

ftSA&ftf 2 tt. ^fefeg|5 3 l*«fflf*2 1 iifttus 
£*©**»3 1, «^Sm3 3, tffaS*3 4. ««• 

[0 0 6 2] ffir*&2 ia»«3#*2 2 0^ 

2 5fc«fcDLo*»t)4:«!g*atlTHftWftt, 3 6 
K«fc5ftttgR3 1 ©«/Mgftt^lcfflf*2 1 jWSS^fcii 
IMLTiI«rr«>©T. Z<DMmm*. UMa ©JgftfegB 

3 Hzffi®)2 lOUMb &M?LfzMM&£mm£t£ 
0, &SHttftttf ! (=✓" { (Ma +Mb +Mc ) K 
/ (Ma +Mb ) Mc } /2tc) {cftS. :otft, ft 
*2 l^Lo^Otffiff^^^StlCtt ;bn£ffi&& 

f 2 ©*nig*Tttcoig»^tt^ig-&t", w^s^m 

W4 1K«t0tftHiSnSiDMffi3.8, -tLT^jgfcte 

&nm®4 2\z<kQmm2nz&M>fi>i^ xmhtz 

[0 0 6 3] «g$8B2 2<DmWtl2 StfXMlzWl 

^$<^coT<-5i, ip«*3 6fc«fcssatta53 i©a 

<MB»l£ffi4b2 l *«iiBtT€r-r, KMMb CDJHHVhd 
<» tot. fti&j&Mftffi^iu l fc^D^ffi^ti-sin 

j£S3 8©Ji!j&f&f 2 ©i8ftj£#«Jt4gLT^#, dtt 
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izmtotz. 

[0 0 6 4] mmmm¥m4 2 \z «t 0 *sy-f 
»jian*t, ^ttiif^4 3tt, znxmy-f 

»otu-ri[S9fz*sfl«a«fig$sRf)fr5. £©* 

[0 0 6 5] -fl/T, flS3*Slfi^»4 4tt, SBSSn 
*»0t«a*SnTVJ*©T, ffi&*2 5£M'>$-fr.5J; 

*s»tta«¥^g:4 2 TMJS^nfc^jgy-f >#©^s 
&&*tmj]mffl^&4 4izfcm-rz>&v{zL, mm. 

Tfc&H. £ ©*-&('«, K«W»aB*#&4 3143FB 
[0 0 6 6] ^©.kitllWttJBsaettflgfc^iEfli 

[0067] (^2 ^m^j) jtiMftm &mm L fc*^^ 
«s«ffl©jga*. #»ft»&?hm-**&ftftfft!i&ff 1 

1/T0 3 S^BJ4 *#Bi Loo^B^t" 
[0 0 6 8] 03 (A) OjEffiH*t^rj;5fc. Z(D0 

&&&mmm\z. stf-a'j®5 4 (k®) (-^©itsijg 
B©sa-et>-3T^ftfe-r-5^-f-V'5 1, ^c^tsi 

ft^Wa&i&OWW-^?- 5 3StfB^Lftt« 
*££^T«fiS3i'lT^5. ^©JRfsfJt^T— 5 3«, 

c ©tf-ffljgHic «fc o T»«sn&»w«flk*3pjffi-r*is 

TTtt, Kf*ttX5r-5 3tt. *#IItO#(^nt^ 

[0069] 03 <b) mmm^r^oiz, 



[0 0 7 0] Z\Z\X\ 03«)J:5i:i)«3n&*»«» 

mm 5 4 £&fcLfrzmf£zn&M9hJ&<DZMs : £7 ! fr& 
gi4fc^-r. H4fc«kna, eg 3 <DBM%#gwmm<D 

h;^Jt^K*M»»f i <=/" (K/Mc ) /2 

tc) o«/jxig»j«»sa4s-a-<&iip«*5e*fe¥a6 7, 

tStfOT 5 4<Z)l|!jattS8**iJST*«!aE«fiB«d¥¥g!! 
7 0, WJ6SnfcJWM«Bfc*^l»T*-f--JI^&-^5 

So 

[0 0 7 1] Sfc, EI4fC^$nfeM^<7)W ; &x^ 

-wi-ena 3 »**>#:©« £«bt& 

5 2©@fef, «^ag^6 2tt^"f-V5 1©^-V1M 

*. £&, gMffi6 4tt^t5 1 ttttfjffl®5 4t© 
a^BB^WttXx- 5 3fttf £©ttHSa*lRDttW- 

SJgM® 6 4 ©nwttiBK: wr % ^mttti. ±Jfi L/ 

tzmi i (Dmm^Tjit^Kmvmmiz'&vvT'. mm 

[0072] mz, *mmmiz& t 2>mig&&wrMmmv> 

[0073] mwiztemmm 54$^tsi Amz-r 
izmmvT^&met&mfe-rz. £©*<&, £ ©trans 

gtMilffi 5 4 tttt 

=E— ;*>h (Ma +Mb ) tflM^t— ;* > HMc <h^£> 

ft*2«tt*KiS«Sn, *<0«««»»tt f ! (=/" 

I (Ma +Mb +Mc ) K/ (Ma +Mb ) Mc } /2 

71) t&S. 

[0 0 7 4] ^^T% (Ma +Mb ) »Mc^#JtT 
f t = /" (K/Mc ) /2 tc 

[0 0 7 5] Hl|g*»^a6 7tt, #-f-;l^-*5 
2'M8WU*Jf < fHcraifc»f , (/" (K/Mc ) /2 
tc) (Dj»/|«^SIl$t§. ft^T, *-f-;^ 
-9 5 2 ©HK&f fc:ffi^-rs«tt#: 6 1 Ktt, AttlR f 
, TiSftT2)JraSh;i/^6 6*«*^S. a«rtffia*»£fc 
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*6 6©J3»lto<-ftU 

[0076] mz. ijumm^ta^me sta, mhu 

ir 6 6 t'cfc 0 £ 6 1 ©SKM ©»/&#£ 

£!tiB-r£o ±iH©=t3{' : igm®^ti-^T^^ c ci^si©<h 

EfflftlfiJSWftfflW 6 8 \Z& 0 , f 
[0 0 7 7] #SI#fe1d?¥l£6 9tt, 

So cntt. MhJ^6 6 ©S^JStajWItK-JEte* 

tzm&iz&wv&z, mimmm<D£o\z, m 
m h)w 6 6 <Dmxwm>\znT*®umm.<nmh$Lftv> 

[0 0 7 8] -?"L/T, mttffittJ!£¥§t7 Ott, 

bfcwa«si*«ji-r«. c©«-&^«> 
[0079] um-n/wm-nmn^i i«, a* 

tt»fcfc*J:3»;:. Mt5l^LTSIWI5 4l: 

itm-rzmmti/mwiti&fflw-r&c -r&fr-s, ^©^ 
oMenx^fco, w©«-&ttt. *-f— * 

5 2{CctD^<^5 1 *laMESii:Sfc«)©Kl!r**^ 
[0 0 8 0] ±8B©«k5C»tt®^»oTV^j:lr»ttSii: 

»j»*/K»i*&iisn$ita«fc5t«ftHiii-rs. ^ntcj; 

[0 0 8 1] 31 XU -y^iiS (^^^5 1 © h V 
v H tSU-SiJ® 5 4 £©ffl*B£g) iCM-rs$iJ»J^/^ 
»^©H^*EI 5 \Ztjk-r. H5i:feHT, 31©^ 

(A) ©XU «>7 F jiS©$gH^«®6 43Wt^TV»«C 
^Wl:Mlt^?> 0 H«t01S« (A) izis^TUWi 

t)/mmts\t7. u y •7m.&omim£mzmu\sT^z> z. 

LtfibfrZo ft:*, *3fe»oT^»iteVittT©1S« (A) 

-ex i> yfmmafio «ti5^#<^5©tt, ^-ft5i0 
$>/c^fe?foTv^-575>©«t5fc^S7!)^e»-r&So 

[0 0 8 2] i©«t-5H««®**i&^TV^V»t*iJ3e3 

tsifiWcKm&ii^m^^\zis.^t:mm6 4mm 




IZML tz£m<Dffii& (B) W6 4^l: 
CO 0 8 3] SMS^'tiD^^ Stt&e 5«^&ic 

*iM«SiJf 2 (=/" { (Ma +Mc ) K/Ma Mc 

} /2k) £uz 0 z\njzo, hmijm^®:6 7tf 

mfcm f ! ©*n^ bJli? 6 6 T»/jNjnigLT*>ig»3Stt 
©6 9 Id J; D nfcS^JgffiM LT3S2ftfom 

^5tti©sitti$gii-5„ z\<Dmmwm\zm-j^ 

^-TSiifcttfrr*. 0 5©#JTtt, (B) icfe 

[0 0 8 4] i^i^ctpfC. g«I64^Tl*^ 

[0 0 8 5] -€-LT> ^iSi!fg7 2ll JgAlU 

«wj t & s «t s a ntzmmti/mMJjz z. © mm-m 
JMRftstwrrs. ^nc«ko, ^m®6 4©jMg^gc 

[0 0 8 6] Sfe, SW-flrj® 5 4*t, 0*J;Lf£g§ffi©J;5 

Kcna©^*^ -©fraTOgsjc^T&ff&g 

06 (A) (B) (C^"TJ:3 

C ^ ^ 5 l ©0*i+iMlW«±Tfc^»T#a J: ots. 

**J*#©l!l»T&*gStt, ^-^5 l taMWHE 
-^5 2 ©»&^#©?i?afnT&oT, IRttttX^r- 5 

[0 0 8 7] 4^tt«|fc««mffiRfHHS*« 

5 mt Lxm <o mini*. smmammtz ^ 
mxzz. -©«^. ^-r-V5 1 tKiara©*« 
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[0 0 8 8] Mx.fi. /W-^^TU>^«{cjSfflL 

tzM&. z\<Dmm\z^y}mm^tirc^mmmmwiit, m 
fr^vmmmmzm-zs^T. mmim mimsD am 

$ijfP*ff5o cmu^r, na***<, K®©mjg^ 
[0089] a St. 7>^uyt7u-*mmzibfo 

»®M©S*#»Wj£»3¥U ^-f-Vig§MP B 1{'«i<^ 

«-rs. tfwa, ^©gttT-?t#i>fc^#^$it^ 

TWTfe < . K£Mft£R*¥g!! 7 0 fc«fc oasjnt* 

<o fz-rmmztzzj:? \z7u-*t>&mw?z>£ 5 n l 
TfeS^c «#©«^, m^mtfsjgs©^-f 

®m&%:VrZ> Z\ t^gTa&5 0 

[0 0 9 0] K±A«*f6Mt«S||«S0!lT*S*«. _hie 
M©*(C(5g^$n-5fe©Ttt^^ 0 ^tf, ±IB^1H 

*^Sl^©«MjSmT^/JxJJDtg-r-5=t 5 H LTVifc 

[0091] ^i©nifiag«tLT, mxittub; 

ns©it{c*^^T^ig#tt$^tt}-r-5 c t**T?#s„ 

[0 0 9 2] Sfc, ^2©*JSSi^iLT, -(>;VVX 

^©A^fc^f-rsiKSSEJg*^. *HMjft»fi!6^t, * 

n£tf*©ffijfc»y£a- (eL<tt^»jft«[fi!E^) 

L, ^tlS©^Jt*^Aii#tt*^i6-5cIty5ST^ 

[0 0 9 3] Cl©J;5f3, « 1 ©H«SSg«R^ 2 ©|| 

«i« <t 0 , «««©*«: 6 -T^W t> Wf'J left: *. 

[0 0 9 4] £fc> ^|i#14<hLT, *JR^-f 
#©8fcHI«tt*Lfc#s, IfWItWt 
*16»*©*|g««[»:-r^T*-&trlinlB*T?|gft3S*A 
«^M^©^Mftft©^b«m-r«J:3 
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[0 0 9 5] iJP*g*©ilfei[«, &lSEi£»4: 

T£-&Lft<T*>. S»^©^*m*Mf;:«BiJT 

[0 0 9 6] 

[0 0 9 7] |»*«3Rtfflll*JH4 05BWK:«fcntt, £ 

-So 

[0 0 9 8] M*!i5 058Wt«fcntf, »^©«ti# 

KSsatfMfcsstirrs - 1 . t ^ 5 

[0®©fBW<sM] 

[0 1 ] *^bj©B 1 *»Jl:i^iWgl©^I 
mT'&K). (A) ttlEffiH, (B) «flJffliBI£^-r. 



[0 2] f|l^^Jf^affif«*ia*S«©iE3*SB©i¥*ffl 

B3] *«^©^2««It«S#aJ«»8!l^gH© 
^ITOD, (A) teIEB0, (B) tt<IM0£^ 
"To 

[04] ^2«^JfC^5*^»J^gH©lH]eiftM 
[05] fflWiii/mSbtiOXV y7&BHZtt-rz&&& 
[0 6] m2HJE^J{'^^»«WSgHCO^0iJT 

*o, (a) teiEffiEL (b) mmmz^-?. 

[0 7] flo&£S*«^:fc£©M«&*-f0T*S. 

[0 8] *jg!m4*?ijfflLfc(i!aEttfistftai©]sas:ittw 

[0 9] ^-f-V<hg§®<hCDP 0 KD*^»A£©X l J^^ 

[010] f^O^ftr^^^tiT^I., 

[011] mmcDti^y'^mmmmmvrz^)^ 

[#^<Z>I&BJ] 
6 7 M;>3fg£¥©: 
6 8 ftJgft&lfttmK 

6 9 mmmmmm 

7 0 mftKffim^a 

7 1 IH»*/BlWJtSdlc^a 

7 2 Nm%sdmi 
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